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We propose an optimal method exploiting second order quantum phase transitions to perform
high precision measurements of the control parameter at criticality. Our approach accesses the high
fidelity susceptibility via the measurement of first- and second-moments of the order parameter and
overcomes the difficulties of existing methods based on the overlap between nearby quantum states,
which is hardly detectable in many-body systems. We experimentally demonstrate the feasibility
of the method with a Bose-Einstein condensate undergoing a symmetry-breaking quantum phase
transition as a function of the attractive inter-particle interaction strength. Our moment-based
fidelity susceptibility shows a clear peak that, at the same time, detects the quantum critical point
at finite temperature without any model-dependent fit to the data and certifies high sensitivity in
parameter-estimation.
Enhancing the sensitivity of measurements is a require-
ment to open new paths in science. Gravitational wave
detection, biological imaging, the search for variations
of fundamental constants and measurement of time and
gravity are forefront fields that require a constant search
for new ideas and technologies aimed at decreasing the
measurement uncertainties. Sensors exploiting quantum
technologies promise such a critical improvement in sen-
sitivity [1–5].
Quantum sensors encode a physical quantity of in-
terest into a parametric change of the system quan-
tum state [1, 2]. For instance, in an atomic or optical
Mach-Zehnder interferometer, the input wavefunction ac-
quires a relative phase shift proportional to an external
field to be measured. The more the state is suscepti-
ble to a parametric change, the easier is to distinguish
it from neighbor states, and the higher is the sensitivity.
The close relation between sensitivity and state suscep-
tibility suggests [6] to exploit the critical behavior of a
many-body system close to a quantum phase transition
(QPT) [7, 8] to realize a new class of devices, which we
call adiabatic sensors. Approaching a QPT, the ground
state of a many-body Hamiltonian Hˆ(λ) becomes very
susceptible to small changes of the control parameter
λ [6, 9–11] (see [12, 13] for reviews), which is the phys-
ical quantity of interest. At criticality, the sensitivity
to the estimation of λ can scale as (∆λ)2 ∼ 1/N2/(dν)
with the number of particles N [14–16], where d is the
spatial dimension and ν is the critical exponent of the
correlation length (ξ ∼ |λ − λc|−ν). On the contrary,
ground states belonging to the same quantum phase can
be poorly distinguished and ∆λ can reach, at best, a scal-
ing (∆λ)2 ∼ 1/N [14–16]. It has been shown that several
many-body models are characterized by 2/(dν) > 1 [11–
26] and can therefore be used as adiabatic quantum sen-
sors with sensitivity (∆λ)2 scaling faster than 1/N at
criticality. However, these theoretical predictions have
remained elusive so far because based on the analysis of
the overlap between quantum states (and the related no-
tion of quantum fidelity susceptibility [6, 9–14]) that is
experimentally unfeasible in large systems [27–29].
In this manuscript we overcome these limitations and
demonstrate, for the first time, an adiabatic quantum
sensor with sensitivity enhanced by quantum criticality.
We show that the optimal sensitivity predicted by the
the quantum fidelity susceptibility can be achieved by
an experimentally-feasible parameter estimation method.
Differently from the existing proposals, this method does
not require full access to the equilibrium state of the sys-
tem but only the knowledge of first- and second-moments
of the order parameter of the QPT. We directly demon-
strate the feasibility of the approach by analyzing ex-
perimental data obtained with a Bose-Einstein conden-
sate trapped in a double-well potential and undergoing
a spontaneous symmetry breaking QPT as a function of
the controllable inter-particle interaction [30, 31]. The
quantum critical point is recognized, even at finite tem-
perature and in presence of experimental noise, by a clear
peak in the estimation sensitivity, without any model-
dependent assumption or theoretical fit to the data. This
provides a proof-of-principle direct demonstration that
quantum criticality is a resource to enhance the estima-
tion of the control parameter of a many-body Hamilto-
nian [6, 13, 32].
The experimental estimation of a parameter λ is usu-
ally based on the detection of a λ-dependent mean value
〈Oˆ〉 = Tr[ρˆ(λ)Oˆ] of some convenient measurement ob-
servable Oˆ, where ρˆ(λ) is the quantum state of the sen-
sor. The sensitivity is obtained via error propagation
(∆λ)2 = 1/χmom(λ), where
χmom(λ) =
1
(∆Oˆ)2
(
d
〈
Oˆ
〉
dλ
)2
. (1)
is a “moment-based” fidelity susceptibility and (∆Oˆ)2 =
Tr[ρˆ(λ)(Oˆ−〈Oˆ〉)2] is the variance of Oˆ. Equation (1) ful-
fills the well known chain of inequalities (see for instance
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2Refs. [1, 39])
χmom(λ) ≤ χcl(λ) ≤ χQ(λ), (2)
valid for every quantum state and operator Oˆ. The
left-side inequality expresses the fact that more infor-
mation on the parameter λ can be captured by high-
order moments of the probability distribution P (µ|λ) =
〈µ|ρˆ(λ)|µ〉, where µ and |µ〉 are eigenvalues and eigen-
state of the operator Oˆ (namely, Oˆ|µ〉 = µ|µ〉), respec-
tively. Here,
χcl(λ) = −4∂
2Fcl(λ, )
∂2
∣∣∣
=0
, (3)
is a “classical” fidelity susceptibility (or Fisher infor-
mation), where Fcl(λ, ) =
∑
µ
√
P (µ|λ)P (µ|λ+ ) is
the fidelity between probability distributions P (µ|λ) and
P (µ|λ + ). The corresponding sensitivity, (∆λCR)2 =
1/χcl(λ), is the Cramer-Rao bound [40, 41]. When op-
timizing χcl(λ) over all possible measurement observ-
ables Oˆ, we obtain a fundamental bound of parame-
ter estimation, called the quantum Cramer-Rao bound,
(∆λQCR)
2 = 1/χQ(λ) [41–43]. The quantity
χQ(λ) = max
{Oˆ}
χcl(λ) = −4∂
2FQ(λ, )
∂2
∣∣∣
=0
(4)
is a “quantum” fidelity susceptibility [6, 9–14] (or
quantum Fisher information). Here, FQ(λ, ) =
Tr[(ρ(λ)1/2ρ(λ+)ρ(λ)1/2)1/2] is the Uhlmann fidelity be-
tween quantum states [44, 45], which reduces to the over-
lap between ground states FQ(λ, ) = |〈ψ0(λ+ )|ψ0(λ)〉|
at zero temperature. χQ(λ) requires evaluating the
Uhlmann fidelity between quantum states ρ(λ) and ρ(λ+
) that can be accessed via full state tomography that
is experimentally unfeasible for large systems. Alterna-
tively, Eq. (4) shows that χQ(λ) coincides with a clas-
sical fidelity susceptibility for an optimal measurement
observable Oˆ that, however, is often-impractical [46].
Here, we demonstrate that, for adiabatic sensing close
to second-order QPTs, the optimal choice of measure-
ment observable Oˆ in Eq. (1) is given by the order param-
eter of the QPT, which can be easily accessible. Indeed,
we find
χmom(λ) ∼ χcl(λ) ∼ χQ(λ) (5)
valid for λ around the critical point λc and sufficiently
small temperature T . Equation (5) provides a link be-
tween the Ginzburg-Landau approach to quantum crit-
ical phenomena – where the symmetry breaking associ-
ated to the QPT is detected by a sudden variation of
the order parameter and/or an increase of its fluctua-
tions – and the fidelity susceptibility approach – which
detects the QPT by a sudden change of the overlap be-
tween nearby quantum states. To demonstrate Eq. (5) we
exploit standard scaling relations and the sign “∼” stands
for equality up to a constant factor that cannot be deter-
mined with scaling arguments. Let us consider a system
composed ofN = Ld quantum spins, where L is the linear
system size. A symmetry-breaking second order QPT is
detected by a local order parameter oˆi whose mean value
scales at criticality as
〈
oˆi
〉 ∼ (λc−λ)β for λ < λc, where β
is (by definition) the order-parameter critical exponent.
The scaling behaviors of χmom(λ), Eq. (1), is obtained
from the scaling of d〈Oˆ〉dλ and ∆
2Oˆ, where Oˆ =
∑N
i=1 oˆi
is a collective operator. We find d〈Oˆ〉dλ ∼ βN(λc − λ)β−1
and (∆Oˆ)2 ∼ N(λc − λ)νz−γ , where z is the dynamical
critical exponent, ν is the correlation-length critical ex-
ponent and γ is the susceptibility critical exponent [47].
Combining these scaling relations, one obtains
χmom(λ)/N ∼ (λc − λ)νd−2, (6)
where we have used the quantum hyperscaling relation
2β + γ = ν(d + z) [47]. For νd < 2, χmom(λ) diverges,
as a function of λ, at the critical point λc. To find the
scaling of χmom(λ) with N at criticality, we take into
account that, for large but finite N , the critical point
λ
(N)
c approaches the asymptotic value λc as (λc−λ(N)c ) ∼
N−1/(dν), for λ(N)c < λc [47]. Combining this scaling law
with Eq. (6), we obtain
χmom(λ
(N)
c ) ∼
1
∆2Oˆ|
λ
(N)
c
(
d
〈
Oˆ
〉
dλ
∣∣∣
λ
(N)
c
)2
∼ N2/(dν), (7)
a super-extensive scaling is found for νd < 2. Equations
(6) and (7) coincide with the known scaling behavior of
χQ as a function of λ and N , respectively, see Refs. [14–
16]. Away from criticality, χmom has, at best, an exten-
sive scaling with N : this follows from the known behavior
of χQ [14–16] and the inequality χmom ≤ χQ. Following
Eq. (2), the scaling behavior (7) and (6) hold also for χcl.
This demonstrates Eq. (5) and motivates the analysis of
the fidelity susceptibility in a symmetry-breaking QPT
using the experimentally-feasible χcl and χmom.
In the following, we study adiabatic sensing in a
bosonic Josephson junction (BJJ). We first consider the
ideal system and then discuss its experimental realiza-
tion. The BJJ Hamiltonian is
HˆBJJ = −ΩJˆx + ζJˆ2z + δJˆz, (8)
where Jˆx = (aˆ
†bˆ+ bˆ†aˆ)/2, Jˆy = (aˆ†bˆ+ bˆ†aˆ)/(2i) and Jˆz =
(aˆ†aˆ− bˆ†bˆ)/2 are angular momentum operators and aˆ and
bˆ are bosonic operators of the left and right reservoirs. In
Eq. (8), Ω is the tunneling strength, ζ is the interaction
strength and δ the energy imbalance. The BJJ model
has a second-order symmetry-breaking QPT at a critical
value λc = −1 of the control parameter λ = Nζ/Ω, in the
thermodynamic limit N → ∞, ζ/Ω → 0 and for δ = 0.
The order parameter of the QPT is the population imbal-
ance Jˆz between the a and b modes. For λ > λc, the sys-
tem is characterized by a paramagnetic quantum phase
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Figure 1: Susceptibilities χQ (a), χcl (b) and χmom (c) as a function of the temperature T and the control parameter λ. In
panel (d) we plot χQ (black line), χcl (blue) and χmom (red) as a function of T/Ω at λ
(N)
c . In panels (a)-(d) N = 1000 and
δ/Ω = 2× 10−3. In panel (e) we plot the optimized values of χQ (black crosses), χcl (blue circles) and χmom (red circles) as a
function of N . Notice that χQ agrees with χcl in this case. The solid lines are power-law fits, χQ/N = χcl/N = 1.08N
1/3 (blue)
and χmom/N = 1.18N
1/3 (red). The inset shows λc − λ(N)c as a function of N (dots), the solid line is λc − λ(N)c = 2.3N−2/3.
The numerical results confirm the expected scaling laws χmom/N ∼ N1/3 and λc − λ(N)c ∼ N−2/3 (see text).
where
〈
Jˆz
〉
= 0. For λ < λc, we have a ferromagnetic
phase where |〈Jˆz〉| = (N/2)√1− (λc/λ) in the presence
of symmetry breaking δ 6= 0. Numerical studies of the
quantum fidelity susceptibility in the BJJ model [22] and
in the related Lipkin-Meshkov-Glick model [20, 23] show
that, at T = 0, χQ(λ) = 1/[8(λ+1)
2] for λ >∼ λc. whereas
χQ(λ) = N/[|λ|3
√
λ2 − 1] for λ <∼ λc. At λ = λc we have
χQ(λc) ∼ N4/3 [20, 22], consistent with the prediction
χQ(λc) ∼ N2/(dν), taking into account that d = 1 and
ν = 3/2 for this model. Here we study χmom and χcl,
Eqs. (1) and (3), respectively, for the measurement of
the order parameter Oˆ = Jˆz. In Fig. 1(a)-(c) we compare
χQ, χcl and χmom as a function of λ and the tempera-
ture T . Specifically, we consider the equilibrium state
ρˆT (λ) = e
−βHˆ(λ)/Z(λ), where Z(λ) = Tr[e−βHˆ(λ)] is the
partition function, β = 1/(kBT ), and kB is the Boltz-
mann constant. The numerical study is based on the
full diagonalization of the Hamiltonian (8) as a function
of the control parameter λ, Hˆ|ψn(λ)〉 = En(λ)|ψn(λ)〉,
where |ψn(λ)〉 and En(λ) are eigenstates and eigenvec-
tors, respectively. Since we are interested in the behavior
of the order parameter across the QPT, for the numerical
analysis we need to introduce a finite, small, symmetry-
breaking term δ/Ω  1. The three quantities χQ, χcl
and χmom show a clear peak close to λc = −1, thus giv-
ing a practical recipe to locate the critical point even
at finite temperature. In Fig. 1(d) we plot χQ, χcl and
χmom as a function of T at λ
(N)
c . For the parameters of
the figure, the three quantities agree perfectly at T = 0.
At large temperature, χmom is dominated by χcl and χQ,
according to Eq. (2). In Fig. 1(e) we study the scaling
of χQ, χcl and χmom as a function of N at λ
(N)
c . The
results here are optimized as a function of δ such that
χQ, χcl and χmom have, as a function of λ, a maximum
at λ
(N)
c [regarding the values of λ
(N)
c , see the inset of
Fig. 1(e), where we report the numerical λ
(N)
c calculated
as the value of λ for which the energy gap E2−E0 has a
minimum]. In particular, we recover the scaling behavior
χmom(λ
(N)
c ) ∼ N4/3, predicted by Eq. (7). χQ and χcl
have the same scaling N4/3, but with a slightly larger
prefactor.
Our experimental system consists of BJJ realized with
a Bose-Einstein condensate of 39K atoms and confined in
a double-well potential [30, 31]. The many-body Hamil-
tonian Hˆ = Hˆ0+λHˆ1 is characterized by the competition
between two energy terms: Hˆ0 =
∫
drΨ†(r)[− h¯22m∇2 +
V (r)]Ψ(r) that includes kinetic and potential energy, and
Hˆ1 =
2pih¯2a0
m
∫
drΨ†(r)Ψ†(r)Ψ(r)Ψ(r) that accounts for
contact interaction between the atoms. Here, Ψ(r) is
the many-body wavefunction, m is the atomic mass, a0
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Figure 2: (a) Histogram of measured z values (gray, bin
size 0.08) fitted with double Gaussian (red) for selected val-
ues of the scattering length. The inset of panel (b) shows
the original z values. (b) Mean value
〈|z|〉 as a function of
the scattering length as obtained from histogram fit of panel
(a). The error bars are the width of the individual Gaus-
sian σz obtained from the histogram fit. The dashed curve
(blue) shows the model-dependent theoretical fitting function〈|z|〉 = √1− (λc/λ)2 used to extract the critical scattering
length ac = −1.746(9) a0 – highlighted as vertical dotted blue
lines thru panels (b)-(d). Panels (c) and (d): χcl and χmom
as a function of the scattering length. The error bars are the
Gaussian σ of a fit of the distribution of simulated χcl or χmom
(see supplementary material). The position of the peaks of
χcl and χmom agree very well with ac.
is the Bohr radius, V (r) the trapping potential (which
is a double-well in the x direction and harmonic in
the orthogonal directions). The control parameter is
λ = Nas/a0, where N is the number of atoms (here
N ≈ 4500) and as the interatomic scattering length.
Crucially, in our experiment as can be tuned to neg-
ative values corresponding to an attractive interaction
between the atoms. Notice that, within a two-mode ap-
proximation, Ψ(r) = aˆψa(r) + bˆψb(r), where aˆ and bˆ are
bosonic operators for the left and right well of the poten-
tial and ψa,b(r) are mean-field wavefunction, the system
Hamiltonian becomes Eq. (8) [50–52]. We emphasize that
our analysis of the experimental results does not rely on
any assumption, especially, they are not based on a two-
mode approximation. The system is prepared at a given
value of λ by adiabatically tuning the interaction strength
while keeping the tunneling constant. After state prepa-
ration, we directly measure the population NR,L of the
right and left well, respectively, and report the popula-
tion imbalance z = (NL −NR)/(NL +NR). At a critical
value of the scattering length, the system undergoes a
spontaneous symmetry-breaking QPT [30]. For λ < λc
the population imbalance becomes strongly sensitive to
an uncontrolled energy mismatch (causing an asymme-
try of the potential) and one of the wells becomes more
populated than the other. For different values of the scat-
tering length we obtain a distribution histogram P (z|λ),
see Fig. 2(a). In Fig. 2(b) we plot
〈|z|〉 as a function
of the scattering length. In a previous analysis of the
experiment [30] a fit of 〈|z|〉 according to the theoretical
fitting curve
√
1− (λc/λ)2 for λ < λc located the critical
point λc. This fitting procedure is only justified at T = 0.
Here, instead, we calculate the fidelity Fcl(λ, ) between
the histograms P (z|λ), which is expected to converge rel-
atively quickly to its infinite-sample limit [48, 49]. Using
 from neighboring scattering lengths, a quadratic fit of
Fcl(λ, ) = 1 − 18χcl(λ)2 + O(3) gives access to χcl(λ).
The quantity χmom(λ) is accessed from the mean value
and variance of z as a function of λ:
χmom =
1
(σz)2
(
d
〈|z|〉
dλ
)2
, (9)
where
〈|z|〉 is given by half the distance between the
peaks of a double Gaussian fitting the experimental his-
tograms and σz is the width of the individual Gaus-
sian. The derivative is obtained using the slope of
〈|z|〉
from neighboring scattering lengths, see supplementary
material. As expected, the experimental χcl [shown in
Fig. 2(c)] and χmom [shown in Fig. 2(d)] have a similar
behavior, as a function of scattering length: they vary
smoothly for λ 6= λc, while showing a clear peak at a
critical value of λ. The peak allows to locate the criti-
cal point without any model-dependent fit to the data, or
any assumption on temperature and technical noise. The
peak of χcl and χmom corresponds to the point where the
symmetry breaking occurs, in agreement with the results
of Ref. [30]. According to the close relation between sen-
sitivity and susceptibility, a maximum of χmom, or χcl,
witnesses as a point of minimum uncertainty ∆λ and
maximum sensitivity in the estimation of the parameter
λ and thus certifies that quantum criticality can enhance
the sensitivity of measurements. The results show that
χmom ≈ χcl are about an order of magnitude smaller
than the theoretical predictions of the two-mode model
at zero temperature (we estimate a temperature T ≈ 10
nK. This suggests that the experimental limiting factor
is given by the residual uncontrolled fluctuations of the
energy imbalance between the two wells.
In conclusion, we have experimentally demonstrated
that the estimation sensitivity of the control parameter
5in an adiabatic sensor is enhanced around the critical
point of a QPT. Furthermore, our methods have allowed
to locate, at finite temperature, the critical point of a
QPT, based on the measurement of the relative number
of particles between the two wells and without any
model-dependent theoretical fit to the data. Reducing
the temperature and fluctuations of the double well po-
tential may give access to a regime where χcl and χmom
have a super-extensive scaling with N and, equivalently,
(∆λ)2 scales faster than 1/N . Our methods and results
are a guideline for sensing applications and precise
location of QPTs in complex many-body systems such
as trapped-ions quantum simulators [53–55] ultracold
atoms platforms [56–59], and electronic materials [60, 61].
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7SUPPLEMENTARY INFORMATION
For the analysis, we have used the data of Ref. [30], see
the inset of Fig. 2b, obtained with tunneling rate Ω = 40
Hz, atom number N ≈ 4500, temperature ≈ 10 nK.
Data analysis of χmom
According to Eq. (1),
χmom(λ) =
1
(∆Oˆ)2
(
d
〈
Oˆ
〉
dλ
)2
≡ a20
(
1
σ
d|z|
das
)2
, (10)
with λ ≡ as/a0 with as the (s-wave) scattering length
and a0 the Bohr radius and the observable 〈Oˆ〉 ≡ |z|
with |z| = |NL−NR|NR+NL the splitting of the number of atoms
in the left and right well, NL and NR respectively. The
variance of the observable (∆Oˆ)2 ≡ σ is obtained from
the fit of two Gaussian on the measured distribution
of observed z values (for details see Ref. [30]). The
splitting |z| is half of the distance between the two
Gaussians and σ is the width of each of the Gaussians.
Sample distributions and fitted Gaussians are plotted
in Fig. 2a and the resulting |z| is shown in Fig. 2b.
Applying Eq. (10) directly to the data gives large errors
since we must obtain the derivative of discrete and
noisy data. To avoid this and to improve the quality
of the result without the need of excessive smoothing
of the (limited) data we simulate the experiment and
analysis using the double Gaussian fit of the observed
distribution as the sample distribution. On each of
the about 3000 simulations we calculate χmom with
Eq. (10) using the derivative of nearest neighbors in as
and collect the result in histograms for each scattering
length as, see Fig. 3. We find that the histograms can
be best fitted with a Gaussian (red) on an exponential
background centered at χmom = 0. For the data point
at as = −2.76 a0 the fit with the background gives
χmom≈ 0 but with a very big error, when we fit without
background we get still a result close to zero but with
a much smaller error. We fit the histograms all in
linear scale since this emphasizes the large count rates
of χmom. However, fitting in logarithmic scale does
not change much the result, except for the data point
at as = −1.88 a0, see second row of Fig. 3. This data
point is difficult to assign but we believe that the fit
in linear scale (left in the figure) is better describing
the histogram for large count rates than the fit done in
logarithmic scale (right in the figure). The results shown
in Fig. 2d report the center of the fitted Gaussian as the
resulting χmom and the width of the Gaussian as the
error.
Data analysis of χcl
The classical fidelity susceptibility χcl is de-
fined in Eq. (3) from the fidelity Fcl(λ, ) =∑
µ
√
P (µ|λ)P (µ|λ+ ) between neighbouring probabil-
ity distributions P (µ|λ) and P (µ|λ+ ) and λ ≡ asa0 and
→ 0. Expanding Fcl(λ, ) to second order in  gives:
Fcl(λ, ) = 1− χcl
8
2 +O(3). (11)
To estimate χcl from our data we take for each scatter-
ing length ais the distribution P (µ|λi) ≡ hi(µ) from the
original data µ ≡ z with a fixed bin size δz = 0.05. Each
distribution is normalized such that
∑
z hi(z) = 1. We
approximate the overlap Fcl(λ, ) by the overlap of two
neighboring distributions:
Fcl(λi, ij) ≈
∑
z
√
hi(z)hj(z)
ij = λj − λi ≡ aj−aia0 .
(12)
For each λi we take the nearest neighboring points
{xj , yj} = {ij , 1−Fcl,ij} with j = i±1 and fit a parabola
through them, where the only free parameter χcl,i is ob-
tained from the fit. Note, that for χmom we have fitted
the original distribution with a double Gaussian, which
for the direct analysis of χcl would not be needed. How-
ever, to improve the quality of the result and to obtain
errors we again proceed as for the analysis of χmom: we
generate 3000 realizations of the experiment using the
double Gauss fit of the original data as the distribution
of the samples, and we calculate χcl for each sample and
collect the result in histograms, see Fig. 4. Each result-
ing histogram is very well fit by a single Gaussian (red)
without background. The results shown in Fig. 2c report
the center of the Gaussian as the resulting χcl and the
Gaussian σ as the error.
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Figure 3: Histograms of χmom (blue dots, 100 bins) generated from about 3000 simulations (number after “#” in label) of
random samples obtained from the distribution described by the double Gaussian fit of the original data. Each histogram
is fitted with a Gaussian (red) on an exponential background (green, limited to 1), except for as = −2.76 a0 fitted without
background. The data for as = −1.88 a0 is shown twice (second row) where we show the fit result when the histogram is fitted
in linear scale (left), as was done for all other histograms, and for comparison the fit result when the histogram is fitted in
logarithmic scale (right).
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Figure 4: Histograms of χcl (blue and green dots, 100 bins) generated from 3000 simulations (number after “#” in label) of
random samples obtained from the distribution described by the double Gaussian fit of the original data. Each histogram is
fitted with a simple Gaussian (red). For comparison we also show the mean value and standard deviation (blue Gaussian) and
the 68 % confidence region (green dots).
